SUMMARY Two-dimensional echocardiography was used to study a consecutive series of 13 infants with persistent truncus arteriosus. In all a single great artery with the long upward course characteristic of the aorta was shown. This great artery could be identified as a persistent truncus arteriosus by the recognition of a branch arising from its ascending part (10 out of 13) or of more than three semilunar valve cusps (5/13). These criteria allowed the correct diagnosis to be reached in 12 of the 13 infants.
The differentiation of persistent truncus arteriosus from other defects with a ventricular septal defect and overriding great artery can be difficult if not impossible with M-mode echocardiography. The differential diagnosis of this condition assumes particular importance in early infancy. We report the findings in a group of infants with persistent truncus arteriosus derived from our recent experience with twodimensional echocardiography.
Subjects and methods
Thirteen infants with persistent truncus arteriosus underwent echocardiographic studies before the diagnosis was established by angiocardiography. Eleven were newborn, aged from 4 hours to 9 days and the others, 5 and 11 weeks old; their weights ranged from 1F7 to 3 9 kg. In all but three the number of truncal valve cusps and the type of persistent truncus arteriosus were determined by operation or necropsy. In the remaining patients the type of persistent truncus arteriosus was determined by angiocardiography. The Table summarises the findings on angiocardiography, at surgery, at necropsy, and on echocardiography. The truncal anatomy was classified in accordance with the terminology of Collett and Edwards'; 10 3  12  4hr  3-3  1  3  1  1  3  15  6d  3-4  2  3   -1  3  13  9d  2-8  1  3   -1  3  13  7 d  1-7  1  3  1  1  3  13  S wk 3-2  1  3  1  1  3  11  Id  23  1 A standard long axis view4 5 showed the left ventricle and mitral valve, and was used to determine the relation of the upper ventricular septum to the great artery root. At end-systole the left atrial diameter was measured at semilunar valve level from the anterior margin of the posterior arterial wall to the posterior left atrial wall. This measurement was considered to correspond to the left atrial dimension measured with M-mode echocardiography and for which normal values have been published.6 In each case an average of six measurements was taken. A high long axis view7 showed the upward course of the great artery and was tilted to the left and right as necessary in an attempt to show any branches arising from it. Short axis views at the base of the heart and through the great artery root were employed in an attempt to show another great artery, and then to provide as clear an image as possible of the semilunar valve cusps. The scanning plane was then tilted or edged upwards, again with the intention of demonstrating any branches arising from the ascending portion of the great artery.
Results
In all 13 subjects with persistent truncus arteriosus echocardiography showed that the great artery overrode the ventricular septum; in diastole the vessel took origin almost equally from both ventricles in 10, almost entirely from the right ventricle in one, and almost entirely from the left ventricle in the other two (Fig. 1) . The high long axis view showed the great artery to have a long upward course characteristic of the aorta (Fig. 2) . In three patients its division into the aorta and pulmonary artery was easily shown in the long axis view ( Fig. la and b) . By adjusting the scanning plane to view as much as possible of the posterior wall of the great artery it was possible to show an apparent break in the posterior wall echo in a further six (Fig. 2a) . In only three of these, however, was it possible to show clearly other echoes which might represent the walls of a branch and confirm that the break in the wall did, in fact, represent the origin of a pulmonary artery (Fig. 2b and c) . The left atrial dimension was increased or at the upper range of normal in 12. In one infant with a type 3 truncus and small pulmonary arteries causing relative pulmonary stenosis, the left atrial dimension (8 mm) was at the lower end of the normal range.
The short axis view through the great artery root showed this as an approximately circular echo-free space, and no other great artery could be shown. The semilunar valve appeared to have three cusps in eight infants and more than three (probably four) cusps in five (Fig. 3) . Clear images of all the cusps could not always be shown simultaneously in a single scanning plane. Necropsy confirmed the presence of four semilunar valve cusps in four patients in whom this was apparent on echocardiography, and of three cusps in six other subjects. By rotating or tilting the scanning plane upwards from the level of the semilunar valve a consistent break in the continuity of the circular wall echo was shown in seven infants. Since failure to show a structure with ultrasound does not necessarily mean it is absent, care was taken to show that this gap in the wall represented the site of origin of the main (or a branch) pulmonary artery by the demonstration of two walls of the pulmonary artery in continuity with the great artery wall (Fig. 4) . A single pulmonary artery arising from the posterior left aspect of the truncal root was seen in six infants (Fig. 4a) . Two pulmonary artery branches arising quite separately from the left and right posterior walls were seen in the one infant with persistent truncus arteriosus type 3 (Fig. 4b) and no branch could be seen in the remaining six infants.
In the infant with pulmonary atresia and absent pulmonary arteries echocardiography showed a single great artery with a long upward course overriding the ventricular septum. The semilunar valve appeared to have three cusps and no pulmonary artery branches could be seen. The left atrial dimension was increased (16 mm).
Discussion
With M-mode echocardiography it has been suggested that the demonstration of an overriding artery and failure to show the normal pulmonary valve echo may allow the diagnosis of persistent truncus arteriosus to be made.8 Since these criteria are, however, satisfied in severe tetralogy of Fallot or pulmonary atresia with a ventricular septal defect, they are inadequate for the diagnosis of persistent truncus arteriosus unless, as has been suggested, they are found in association with a large left atrial dimension.9 In these three conditions two-dimensional echocardiography demonstrates a large great artery with a long upward course suggestive of the aorta. If only one artery has been recorded it is of course conceivable that another is present but has merely escaped detection. In these circumstances it is therefore essential that an attempt is made to confirm or rule out the possibility of persistent truncus arteriosus. We have found two echocardiographic features of value in this: the presence of more than three cusps or of pulmonary artery branches arising from the ascending part of the great artery. Sahn et al.'0 using a multiple element two-dimensional system suggested that a short axis view of the great artery root showing multiple and unusual cusp echoes may be characteristic of persistent truncus arteriosus and we previously confirmed this appearance in a 15-year-old patient." In this study of infants, however, a more detailed assessment of the semilunar valve leaflets has been possible. The number of valve cusps was correctly determined in all 10 cases of persistent truncus arteriosus where subsequent necropsy confirmation was available, including four with a quadri-cuspid valve. The recognition of more than three semilunar cusps is diagnostic of persistent truncus arteriosus but in approximately 75% of cases where there is a bicuspid or tricuspid truncal valve2 12 this diagnostic feature is absent. In these circumstances the diagnosis of persistent truncus arteriosus requires the demonstration of a branch (or branches) arising from the ascending part of the great artery. The identification of pulmonary artery branches in persistent truncus arteriosus, however, poses some difficulties because, with two-dimensional echocardiography, a break in the great artery wall echo which is held to signify the origin of the pulmonary artery, or of a pulmonary artery branch, may be an artefact. Thus, before deciding that such a gap represents a pulmonary artery we consider it necessary to show the proximal part of the walls of the pulmonary artery and to show that these are in continuity with the adjacent Fig. 2 Long axis views ofascending great artery. (a)A break in the posterior wall is apparent (indicated by the arrow) but a pulmonary artery cannot be demonstrated (b and c). The main pulmonary artery can be seen arisingfrom the posterior wall ofthe great artery. BCA, brachiocephalic artery; LA, left atrium; VS, ventricular septum. Other abbreviations as before. truncal wall (Fig. 2b and c, and Fig. 4) . A main or branch pulmonary artery arising from the truncus was shown in 10 patients. We have been unable to make a reliable distinction between type 1 and type 2; echocardiography showed only one pulmonary artery branch in both infants with a type 2 truncus. Even at necropsy or surgery, however, it is often difficult to differentiate between type 1 and 2 persistent truncus arteriosus. 12 Pulmonary artery branches could not be shown in any view in three infants. Two had a quadricuspid valve, allowing the diagnosis of persistent truncus arteriosus to be made, but the third had a tricuspid truncal valve. In this situation it is not possible to determine whether there is a persistent truncus arteriosus or pulmonary atresia since pulmonary artery branches in persistent truncus arteriosus or a small pulmonary artery in pulmonary atresia may have escaped detection. A large left atrial dimension would then suggest persistent truncus arteriosus but a small left atrial dimension pulmonary atresia.9 In this study, however, the left atrial dimension was relatively small in one infant with persistent truncus arteriosus, and increased in the infant with pulmonary atresia and major aortopulmonary collateral arteries of large size. Where there is no atrial septal defect or mitral valve disease the left atrial size generally reflects only the pulmonary blood flow. Thus, the left atrium may be small in persistent truncus arteriosus with pulmonary branch stenosis or enlarged in pulmonary atresia with large aortopulmonary collateral flow.
We therefore consider that a definite diagnosis of persistent truncus arteriosus with echocardiography can be made only by the demonstration of a single great artery with a long upward course, and by its positive identification as a persistent truncus arteriosus by the recognition of a branch arising from its ascending part or of more than three semilunar valve cusps. Application of these criteria should allow the diagnosis to be reached in most infants with persistent truncus arteriosus, as was possible in 12 of the 13 infants in our series. 
